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f bet FIRST International Instrument Congress and 
Exposition will be held September 13-25 in Phila- 
delphia under the sponsorship of the Instrument So- 
ciety of America. The first international meeting in 
the instrumentation field to be held in America, it 
will bring together scientists, engineers, and instru- 
ment manufacturers from all over the world. With 
an expected attendance of over 20,000, the Congress 
promises to be the largest ever held in instrumentation. 
More than 250 technical papers will be presented, and 
nearly 400 organizations will provide exhibits in the 
Exposition. 

The National Bureau of Standards will take an active 
part in the technical sessions and in the instrumenta- 
tion exhibit. Technical papers to be presented at the 
Congress by members of the Bureau staff will include 
such topics as evaluation of radiological instruments, 
integration of concepts in the terminology of measure- 
ment and control, a rapid-response hygrometer, and 
various methods for the calibration of accelerometers. 
NBS exhibits in the Exposition will treat fundamental 
scientific standards and recent developments in in- 
strumentation at the Bureau. A display panel on 
standards will show the interrelationship of physical 
standards in such fields as electricity, photometry, and 
microwave measurement and will indicate how these 
standards are all derived from the primary standards 
of length, mass, and time. 
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One of the instruments to be exhibited is an improved 
electric hygrometer element of high sensitivity and ex- 
tremely rapid response [1].‘| This development re- 
sulted from a program in aerological instruments 
sponsored at NBS by the Aerology Branch of the Navy’s 
Bureau of Aeronautics. It is expected that the more 
rapid response of the improved element will make pos- 
sible increased accuracy and reliability in aerological 
measurements. Two other related NBS developments— 
a speed-of-response tester for humidity elements and a 
logarithmic ohmmeter—will be used to demonstrate 
the response characteristics of the hygrometer element. 

Also on display will be an analogue computer [2] for 
solution of the radio refractive-index equation. This 
equation provides information necessary to the research 
worker studying tropospheric radio propagation in the 
very-high and ultra-high frequencies used in television. 
However, present means of computation are either time 
consuming or of low accuracy. The new analogue com- 
puter utilizing basic computation circuits incorporated 
into a null-balance bridge circuit is now being used at 
the NBS Central Radio Propagation Laboratory in 
Boulder, Colorado, where it has superseded other 
methods of computing the radio refractive index. 

An exhibit on the calibration of vibration pickups 
and accelerometers will demonstrate two promising 


1 Figures in brackets indicate the literature references on p. 127. 
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techniques: First, the “chatter accelerometer” for pre- 
cise determination of the peak value of a sinusoidal 
acceleration slightly greater than 1 gravity generated 
by a vibration shaker and, second, a method for the 
steady-state calibration of vibration pickups at high 
values of sinusoidal acceleration. Both of these tech- 
niques are described on page 141 of this issue. Another 
display will present three electronic gages for measur- 
ing the thickness of electrodeposited coatings. All three 
of these devices, which are described on page 127 of this 
issue, permit simple nondestructive determination of 
plating thickness or of sample thickness for homo- 
geneous metals. 

Also to be shown at the Exposition is an NBS-Bureau 
of Aeronautics exhibit of a design system and automatic 
machinery for the mechanized production of electron- 
ics [3]. Formerly code-named PROJECT TINKER- 
TOY, this system was announced to the public in the fall 
of 1953. Based on concepts and techniques developed 
largely by NBS, the program was sponsored by the 
Navy Bureau of Aeronautics as an industrial prepared- 
ness measure in production research. BuAer now 
feels that progress in mechanized production is sufh- 
ciently advanced to warrant its use in producing field 
equipment for the fleet. The several panels of the ex- 
hibit illustrate various stages in the automatic produc- 
tion line and demonstrate the novel system of electronic 
design that make this possible. 

Since its establishment in 1901, NBS has played an 
important national role in the field of instrumentation. 
The Bureau’s work in the establishment and mainte- 
nance of scientific standards is basic to the development 
and growth of the instrument industry, which is de- 
pendent upon these standards and the related calibra- 
tion services. Before NBS was established, the in- 
strument industry in this country was negligible. The 
United States maintained no basic standards, and 
American industry—as well as science—depended 
upon imports of instruments and upon shipments of 
standard apparatus abroad for calibration in the na- 
tional laboratories of either Germany or England. 

This situation was one of the reasons for the estab- 
lishment of the National Bureau of Standards. Since 
then the instrument industry has grown to include 
well over 2,000 companies having a total annual pro- 
duction of more than one billion dollars. The Bureau 
has contributed to this development and growth both 
through the provision of appropriate scientific stand- 
ards and through basic research in measurement which 
has formed the basis for developments by the instru- 
ments industry. Also, as a result of pressing needs 
encountered at NBS and other laboratories in connec- 
tion with measurement work and in studies of the prop- 
erties of matter, the Bureau has developed numerous 
instruments, some of broad utility. 

The Tuckerman optical strain gage [4], now widely 
used in connection with aircraft surface analysis, was 
invented at NBS in the 1920’s. A later instrument, the 
Ramberg vacuum tube accelerometer [5], has also 
proved very useful in measuring the rapidly changing 
accelerations to which aircraft are subjected in flight. 


In 1936, the Bureau developed the radiosonde [6] for 
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telemetering upper air weather data from aerological 
balloons. At about the same time the Magne-gage [7 | 
was designed; this instrument is now used commercially 
to measure the thickness of electrodeposited coatings 
which differ magnetically from the basis metal. 

The mutual inductance transducer [8] was devised 
in 1947 to afford a means for measuring the thickness 
of the oil film in the bearings of a large Navy turbine 
shaft. Since that time the principle of this instrument 
has been utilized in a variety of applications such as an 
electronic micrometer, electronic sensing of mercury- 
column height [9] and a vibration pickup calibrator 

10]. 

Ape well-known instruments developed at NBS 
include the radiofrequency mass spectrometer [11], 
the omegatron [12], the ceilometer for measurement 
of cloud ceiling along airport runways [13], the trans- 
missometer for measurement of visibility in aircraft 
landing areas [14], the eddy-current compass [15], 
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Analogue computer used in solution of radio refractive- 
index equation. 


the NBS-Pfund sky compass [16], an improved mag- 
netic permeameter for the precise testing of magnetic 
materials [17], and an electronic flowmeter [18] 
which utilizes the change in the velocity of sound waves 
as a measure of fluid flow. Many of these instruments 
have been shown for the first time at previous Instru- 
ment Society Exhibits. 

Until recently the problem of designing instruments 
to measure different quantities and for use under dif- 
ferent conditions has been left largely to the individual 
scientist or engineer working in his particular technical 
field. However, it is coming to be more and more 
widely recognized that the problems met within design- 
ing various kinds of scientific instruments for various 
applications have much in common and that the de- 
signer of an instrument for a specific purpose can often 
benefit from the experience gained by others with in- 
struments built for quite unrelated purposes. In line 
with these developments, the NBS Office of Basic Instru- 
mentation [19] was established in 1950 to serve as a 
research, reference, and consultation center on prob- 
lems of instrumentation for the laboratories of govern- 
ment and industry. The Office of Basic Instrumentation 
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program—sponsored by the Department of Defense and 
the Atomic Energy Commission—is concerned pri- 
marily with the exploration and development of con- 
cepts and functions which are fundamental to many 
areas of instrument application. Included are projects 
relating to detection of minute changes in physical 
quantities, signal transmission, analogue and digital 
computation or simulation of physical systems, record- 
ing and display methods, data reduction and such char- 
acteristics of instruments or systems as amplification, 
response time, hysteresis, signal-to-noise ratio, band- 
width and feedback. The program also involves the 
development of new instrument principles and new types 
of transducers and studies of materials, components, 
and other elements which limit the usefulness of exist- 
ing instruments. 

In addition to research of this nature, the Office of 
Basic Instrumentation conducts surveys of specific areas 
of instrumentation, provides consultation and informa- 
tion on available techniques, and develops methods of 
instrument documentation. While the program con- 
stitutes only a relatively small part of NBS activities, 
it represents an effort to utilize the Bureau’s facilities 
and experience in the field of physical measurements to 
advance those techniques of measurement and control 
that are fundamental to progress in science and indus- 
trial technology. 
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Three Electronic Thickness Gages 


For Metallic Coatings 


ING RECENTLY developed three types of instru- 
ments for measuring the thickness of electrode- 
posited coatings. While all three instruments depend 
upon the difference in electrical conductivity between 
the plating and the basis metal, each makes use of dif- 
ferent methods for sensing specimen resistance. Two 
of the instruments, the “Dermitron” and the Phase- 
Angle Thickness Meter, utilize electromagnetic cou- 
pling to the specimen, making use of the reflected field 
from eddy currents induced in the specimen. A third, 
a waveguide inspection tool, employs direct conduc- 
tivity measurement with point electrodes. All three 
devices permit simple nondestructive determination of 
plating thickness or of sample thickness for homoge- 
neous metals. When appropriately calibrated, they 
can be used for measurement of magnetic as well as 
nonmagnetic materials. 
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Electronic thickness gage (the “Dermitron”) provides 
convenient means for measuring thickness of plated 
coatings on silverware. In making a measurement, the 
circuit is first adjusted so that the meter (center back- 
ground) reads zero when the probe is placed on a speci- 
men of the bare basis metal. A reading is then taken 
with the probe placed on the test surface (as in photo- 
graph), and thickness of the coating is obtained from a 
calibration curve. The device can be used for all types 
of metallic coatings which differ from the basis metal in 
electrical conductivity. 
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The Dermitron senses the reflected flux in a single 
coil which is excited with high-frequency current when 
it is in close proximity to the specimen. The probe 
coil is very small and is designed to be held in physical 
contact with the sample. Its miniature size makes it 
possible to measure plating thicknesses of small speci- 
mens and sharply curved surfaces. When the instru- 
ment is calibrated for the specific use, measurements 
can be made on combinations of metals regardless of 
whether either coating or basis metal is magnetic or 
nonmagnetic. The instrument is portable and direct 
reading, and should provide a convenient means for 
routine testing of a manufacturer’s output. 

The Phase-Anegle Thickness Meter relies on the meas- 
urement of reflected electromagnetic field with a sepa- 
rate pickup coil. For this it requires a somewhat more 
complicated electronic circuit. Through a bucking 
transformer arrangement, a voltage is derived whose 
phase shift is a direct function of the specimen con- 
ductivity. Measurement of phase change thus pro- 
vides a means to indicate plating thickness. Originally 


developed for the rapid, continuous measurement of the 
thickness of silver plating on such large areas as stain- 
less steel wave guides, it offers insensitivity to variation 


in probe-to-sample spacing. With suitable calibra- 
tion, the instrument can also be used on magnetic ma- 
terials, but probe-to-sample spacing must be controlled. 

The Waveguide Plating Quantity Indicator was de- 
veloped to permit measurement on both nonmagnetic 
and magnetic materials without change of calibration. 
The specific application was for use on waveguides hav- 
ing an intermediate layer of nickel of unknown thick- 
ness between the silver and stainless steel. In the in- 
strument a direct current is passed through the speci- 
men, and the voltage drop across a known distance is 
measured. While the silver plating is on the inside of 
the waveguide, its effect on the d-c conductivity meas- 
urement is the same as for outside plating. Thus the 
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probe electrodes can be arranged to make contact on the 
outer surface, simplifying the measurement procedure. 

A large part of the metal products manufactured in 
this country are clad or coated with another, usually 
more expensive, metal to obtain special surface prop- 
erties such as corrosion resistance, wear resistance, or 
improved appearance. For process control and in- 
spection of the finished product, rapid, reliable pro- 
cedures for measuring the thickness of the metallic 
coatings are required. While a great number of 
methods, based on almost every property of metals, 
have been developed for this purpose, few of these are 
nondestructive and direct reading. Magnetic gages, 
such as the NBS-developed Magne-gage, are used most 
widely, but they are limited to combinations in which 
at least one of the metals is ferromagnetic. Beta-ray 
and X-ray thickness gages are capable of fairly gen- 
eral application, but their high cost makes them suit- 
able only for large plants: having considerable volume 
of production. The beta-ray gage also has the disad- 
vantage that its use is limited to large objects. The 
demand for a nondestructive test method which could 
be made with a portable economical instrument led to 
the development of the three NBS gages, each designed 
for a specific application. 


Circuit diagram for the Dermitron.  S, oscillator used as 
power supply; VD, voltage divider; R, germanium recti- 
fiers; TP, test probe; C, mica condenser; VR, potentiom- 
eter, helipot type, 0-100 ohms; M, d-c microammeter. 


The Dermitron 


The Dermitron was developed by Abner Brenner and 
Jean Garcia-Rivera with the assistance of B. Wagoner, 
Jr., and R. L. Hill, all of NBS, under a program of basic 
instrumentation sponsored at the Bureau by the De- 
partment of Defense and the Atomic Energy Commis- 
sion; financial support for the project was also pro- 
vided by the Bureau of Engraving and Printing, Treas- 
ury Department. 

The NBS instrument makes use of the “skin effect,” 
by which an eddy current induced in a metallic sur- 
face can be limited to a thin surface layer through the 
use of a high-frequency current as the inducing agent. 
The depth of penetration of the induced current is 
inversely proportional to the square root of the fre- 
quency of the inducing current and directly propor- 
tional to the resistivity of the metal. Thus, for a given 
frequency, the magnitude of the eddy current induced 
in a surface layer will depend upon the conductivity 
of the layer, other factors being constant. If the coat- 
ing and the basis metal have different conductivities, 
the effective conductivity of the composite surface 
layer, and hence the magnitude of the induced eddy 
current, will depend to a large extent upon the thick- 
ness of the coating. 

In this instrument the magnitude of the induced eddy 
current is measured indirectly through the effect of 
its magnetic field, which opposes that of the inducing 
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current. The opposition of the two magnetic fields 
lowers the impedance of the high-frequency coil, thus 
permitting more current to pass through it. The 
changes in the current flowing through the coil are 
shown on a meter in series with it. 

In practice no calculations are required as calibra- 
tion curves are used which are made with specimens of 
known thicknesses. Each pair of metals requires an 
individual calibration curve having two limits. One 
limit is the reading of the meter when the probe coil is 
brought near the bare basis metal; the other is the 
reading with the probe adjacent to a layer of the coat- 
ing that is thick enough to yield the maximum effect on 
the current. 

Power is supplied by a commercial oscillator with 
a 6-watt output, and the amount of current through the 
circuit is controlled by means of a voltage divider 
placed across the oscillator. Between the voltage 
divider and a d-c microammeter is a parallel circuit 
containing in one branch a variable resistance and in 
the other branch the probe coil with its capacitor. 
Each branch contains a germanium diode in opposite 
phase with the other. Thus, during one-half of the 
cycle the current passes through the test probe and the 
meter, and during the other half of the cycle the cur- 
rent passes through the variable resistance and the 


Phase-angle thickness meter features insensitivity to 
variations in the probe-to-sample spacing in determin- 
ing the thickness of silver plating on a nonmagnetic 
basis metal. (Circuit on page 132.) 


meter, but in the opposite direction. The d-c meter 
registers the difference of these two currents. 

Initially the meter is made to read zero when the 
probe is placed on a reference surface of the bare basis 
metal. This is done by balancing the variable resist- 
ance against the test probe and its capacitor. The test 
probe is then placed on the metallic surface to be 
tested, and the resulting change of impedance is indi- 
cated by the meter reading, which depends upon the 
conductivity of the metallic surface layer. 

In practice a technique known as the “peak method” 
has been found to give most accurate measurements 
because it diminishes errors due to dust or dirt on the 
sample, the geometry of the object, and the inclination 
of the probe. In this procedure, the probe is first 
brought near the surface of a bare piece of basis metal 
and then slowly raised. The needle of the meter will 
move in one direction until a peak value is reached; it 
will then reverse its direction. The instrument is 
adjusted so that the peak for the basis metal occurs at 
the zero reading. The probe is then placed on the 
sample to be tested and slowly raised until the peak 
reading for the sample is obtained. This method has 
been adopted for all measurements except those made 
on coatings of nonconductors on metals or of poorly 
conducting metals on highly conducting metals. These 
coatings require direct contact between the probe and 
the surface of the specimen at the time of the reading. 

The range of thickness which can be measured by the 
Dermitron depends upon the frequency used. A given 
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frequency may be used only for thicknesses through 
which a significant amount of current penetrates. 
High frequencies are most suitable for accurate meas- 
urement of thin coatings because the penetration of the 
current is shallower. At a frequency of 2 megacycles 
most coatings up to 1.5 mils in thickness can be meas- 
ured accurately. A frequency of 100 kilocycles per- 
mits coatings up to 6 mils to be measured, but meas- 
urements of thin deposits are not so accurate at this 
frequency as at 2 Me. 

The diameter of the test probe must be made small 
to diminish the effect of the geometry of the object 
on the measurement. This means that very low fre- 
quencies which require large coils cannot be used to 
advantage. A typical coil, used at 2.5 Mc, is 0.030 
inch in length and 0.10 inch in diameter. The coils 
are wound on a bobbin and are cast in a resin for 
sturdiness and stability. 

The sensitivity of the gage was arbitrarily defined 
as its ability to discriminate between a sheet of copper 
and a sheet of ordinary yellow brass when a given 


amount of current was passing through the circuit. A 
current of 20 milliamperes, measured with a thermo- 
couple meter, was used at all times in the circuit. 
When readings were taken on a sheet of copper and 
then on a sheet of brass, differences as high as 400 
microamperes were obtained. 

Studies of the range and sensitivity of the gage at 
various frequencies and on different metal combina- 
tions are continuing at NBS. Another problem now 
under investigation is the possibility of making meas- 
urements of coating thickness without the use of pre- 
pared standards with which to calibrate the instrument. 
This might be done by using a range of frequencies 
rather than a single frequency, but practical difficulties 
must first be overcome. 


Phase-Angle Thickness Gage 


The Phase-Angle Thickness Gage was developed 
by W. A. Yates and J. L. Queen of NBS for the Navy 
Bureau of Ships. The probe of this instrument con- 
sists of a mutual inductance transducer which is held 
in proximity to the sample but not necessarily touching 
it. A buckout transformer, shielded from the influ- 
ence of the sample, is also located in the probe head. 
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These two elements are electrically connected and ex- 
cited with r-f current in opposition, producing output 
voltages whose phase difference is responsive to the con- 
ductance of the sample. A phase meter, specifically 
designed for use with the probe, is calibrated for the 
desired frequency ranges. For direct reading of thick- 
ness, the phasemeter output is indicated on a meter 
calibrated in mils of silver which has been applied to 
a basis of 0.037 inch of stainless steel. In use, the in- 
strument is adjusted first for null phase difference 
when the probe is held away from the influence of the 
sample. Thereafter thickness readings are obtained by 
bringing the probe in proximity to the specimen—us- 
ually within one-eighth inch. The readings obtained 
are not affected by probe-to-sample spacing when it is 
less than this amount. 

The choice of operating conditions for a plating 
thickness meter is strongly influenced by the circum- 
stances under which it is to be used, since the plating 
and basis metal both contribute to changes in the phase 


angle. For a thin plating of low resistivity on a basis 
metal of high resistivity, the problem is one of meas- 
uring the plating thickness alone. As the resistivities 
approach the same value (i. e., thinner basis and thicker 
plating), it becomes difficult to differentiate between 
the plating and the basis metal. However, this con- 
dition is not reached in the application for which the 
instrument is intended, since the resistivities of silver 
and stainless steel are greatly different. If the thick- 
ness of the basis material varies, the frequency of the 
exciter may be increased until the transducer field does 
not entirely penetrate the thinnest portion of the base. 
If the basis thickness is constant, however, a higher 
sensitivity may be obtained by lowering the operating 
frequency to a point where the calculated skin depth of 
the material is greater than its thickness. 

In a series of tests at NBS, the instrument was used 
to measure the thickness of silver plated on one mil of 
nickel which was, in turn, plated on 37 mils of stainless 
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steel. The results indicate that as the silver thickness 
increases, the phase angle approaches a value which 
might be obtained with silver alone. Experimental 
findings also show that nickel, with its high permea- 
bility, has an opposite effect to that of the silver plat- 
ing in that it tends to reduce slightly the phase angle. 
The magnitude of the effect due to nickel is therefore 
a function of the silver thickness as well as of the qual- 
ity of the nickel itself. Nickel quality is especially 
important if the nickel is a low grade and improperly 
applied, since its magnetic properties vary widely 
with impurity content. 


Waveguide Plating Quantity Indicator 


The Waveguide Plating Quantity Indicator was de- 
veloped by M. Davidson and N. Rahal of NBS under 
the sponsorship of the Navy Bureau of Ships. While 
designed specifically for measuring from the outside 
the quantity of silver plating on the inside of an 
L-band waveguide, the instrument is useful for a wide 
variety of plating or thickness measurements. Its 
calibration is unaffected by the magnetic properties of 
the material under test. 

The instrument actually measures the conductance 
of the silver deposited on the steel wall. Variations in 
the density and in the thickness of the silver cause a 
much greater change in the total conductance than 


The waveguide plating indicator measures from the out- 
side the quantity of silver plating on the inside of an 
L-band waveguide. The instrument uses conductance 
measuring techniques to determine thickness of internal 
plating. Indicator is simple to use: operator need only 
place the probe on the waveguide and then read the 
meter. 


similar variations in the steel. Since the probe meas- 
ures over an area of only several square inches at a 
time, it is possible to compare any local portion of the 
waveguide wall with any other portion. 

Although the conductance measuring technique has 
been used before to make thickness measurements of 
homogeneous plates, it is used in the NBS instrument 
to determine the thickness of one material of high 
conductivity plated on another material of low con- 
ductivity. The Bureau’s procedure overcomes the 
limitations of previous methods for stainless steel 
waveguides by relying on a direct-current measure- 
ment of the conductance of the waveguide walls and the 
plated coating. The local conductance is measured by 
passing a known amount of direct current through 
a portion of the waveguide wall, using a pair of elec- 
trodes or probes. By measuring the potential between 
iwo other points in the neighborhood of the current 
probes, the conductance can be determined, provided 
(1) that the current flow is laminar throughout the 
material and (2) that the linear dimensions of the 
material are several times greater than the probe spac- 
ing. Laminar, or two-dimensional, flow is achieved 
by making the current probe spacing much greater 
than the thickness of the waveguide wall. 
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The Bureau’s plating indicator consists of two units. 
One is the hand-held probe which is applied to the 
waveguide. The other is a chassis which contains the 
detecting and measuring circuity, the power supplies, 
and a calibrated indicating meter. 

The probe housing contains two pairs of electrodes 
or probes to supply current and to measure potential. 
The two current probes provide a source and sink of 
current, and the two potential probes detect the poten- 
tial between two points in the neighborhood of the 
current probes. The current probes are pointed brass 
rods spaced about two inches apart and are slightly 
blunted to keep the contact resistance low since they 
may pass up to 5 amperes. The potential probes are 
hard steel needles; they are spring-loaded and project 
slightly beyond the current probes to ensure good 
contact. 

The simplest probe configuration is one in which 
the potential probes are alined with, and intermediate 
between, the current probes. The position of the po- 
tential probes is chosen to obtain a high potential 
difference, but they are not placed too close to the 
current probes, where the potential gradient changes 
rapidly. Thus, reproducibility of readings is not af- 
fected by small changes in probe point spacing which 
might occur as a result of handling and wear. 

In use, the probe points are alined with the longitud- 
inal axis of the waveguide. Measurements can then 
be made even on the corner bends with no effect on the 
accuracy of the instrument. Thickness measurements 


Schematic diagram of waveguide plating indicator. 


can also be made up to one inch from the end of the 
waveguide before errors due to edge effect become 
important. 

The circuit is designed so that a constant voltage 
is maintained across the potential probes by varying 
the current through the current probes. The current 
required to maintain the constant potential is directly 
proportional to the conductance of the material and 
hence will vary directly with changes in the quantity 
of plating. By using the simple servo techniques of 
self-balancing, the indicator is made to read directly 
and is automatized to such an extent that the indicating 
meter and a power switch are the only components on 
the front panel; there are no operating adjustments. 

When the probe is lifted from the waveguide, a 
switch in the probe housing shunts the current flow 
and at the same time disconnects the servo motor. 
Thus the ammeter reading is maintained whenever the 
probe is removed, and a rapid succession of readings 
can be made since the meter needle does not need to 
start from the zero mark for each reading. 

In practice, an L-band waveguide usually has a layer 
of nickel plate between the silver and the steel to facil- 
itate adhesion of the silver and to provide additional 
protection against corrosion. Studies of the relative 
conductances and thicknesses of the respective layers 
show that a direct measurement of the d-c conductance 
between a pair of points will give sufficiently sensitive 
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indications, within reasonable limits of error, of the 
amount of silver deposited on the nickel-plated stainless 
steel wall. The instrument interprets this conductance 
measurement in terms of “thickness units.” One thick- 
ness unit is equivalent to the conductance of 0.001-inch 
thick stainless steel. Since nickel has a conductivity 
10 times that of stainless steel, 0.001 inch of this mate- 
rial is equivalent to 10 thickness units. One-thou- 
sandth inch of silver, with a conductivity 48 times that 
of stainless steel, measures 48 thickness units. The 
specified composite of the three materials in the wave- 
guide—0.037 inch of stainless steel, 0.001 inch of 
nickel, and 0.002 inch of silver—has a total relative 
conductance of 143 thickness units. If the amount 
of deposited nickel were to vary by 50 percent, the 
error in the indication of the amount of silver present 
would be only 5 percent. A tolerance of 0.005 inch 
in the thickness of the steel wall would have the same 
effect. 

The conductivity of the plated silver may vary down- 
ward to one-half the nominal handbook value, depend- 
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ing on the variables which enter into the electrodeposi- 
tion process. However, if the metal is reasonably pure 
the total error in this method of measuring equivalent 
thickness will not exceed 5 percent. A limited series 
of controlled tests on plated samples at the Bureau 
showed a maximum error in thickness measurements 
of 1.5 percent. 

In addition to measuring the quantity of internal 
plating in a waveguide, the Bureau's instrument can be 
used to determine the thickness of homogeneous metal 
sheets, to sort metals, and to measure rapidly the con- 
ductivity of metallic sheets of known thickness. In 
the latter application, the conductivity can be computed 
by comparing the known thickness of the material with 
the instrument reading, or the instrument can be cali- 
brated to read conductance directly for known thick- 
nesses of material. The instrument can also be used 
for determining plating quantity on other freqnency 
band waveguides, provided that the construction tech- 
niques and materials are similar to those of L-band 
waveguides. 
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For further technical details on these instruments, see 
An electronic thickness gage, by A. Brenner and J. 
Garcia-Rivera, Plating 40, 1238 (Nov. 1953); Sheet and 
plated-metal measurements with a phase-angle-type probe, 
Yates and Queen, AIEE Transactions (Communications 
and Electronics) No. 12, May 1954, pp. 138-142; Plat- 
ing quantity indicator for use on stainless steel wave- 
guides, by Davidson and Rahal, Tele-Tech. vol. 13 (Sept. 
1954). 

References: Armour Research Foundation, Silver plat- 
ing brass waveguide components, @ series of quarterly 
reports on Project No. 90-1094B Signal Corps contract 
DA-36-039 SC1541; Watts, Stone, and Reiffel, Non- 
destructive nuclear measurements of waveguide plating 
thickness, Proc. NV. E. C. 8, 134 (1952) ; Brenner, Mag- 
netic method for measuring the thickness of nonmag- 
netic coatings on iron and steel, J. Research NBS 20, 357 
(1938) RP1081; F. Forster, Die zerstorungsfreie Messung 
der Dicke von nichtmetallischen und metallischen ober- 
flaschenschichten (The nondestructive measurement of 
the thickness of nonmetallic and metallic surface layers) , 
Metall, p. 320 (May 1953); Brenner, Magnetic method 
for measuring the thickness of nickel coatings on non- 
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magnetic hase metals, J. Research NBS, 18, 565 (1937) 
RP994; Warren, Measurement of the thickness of metal 
plates from one side, J. Inst. Elec. Engrs. 84, 91 (1938) ; 
Thornton, Proc. Inst. Mech. Engrs. 140, 140 (1938). 


improved Method for Precise 
Rate-Measurement of Watthour Meters 


A MORE RAPID METHOD for precisely measuring 
the rate of alternating-current watthour meters 
has been developed by T. L. Zapf and A. W. Spinks of 
NBS. This method reduces to a minimum the use of 
an electrodynamic wattmeter and the laborious process 
of holding the a-c power constant while the meter 
registration is accumulating. In lieu of regular use of 
the wattmeter for all tests, measurements may now be 
made by a comparison process that employs a group of 
carefully selected a-c watthour meters one of which 
has been adapted for use as a “standard watthour 
meter” while the others serve as comparison standards. 
Specifically the rate comparisons are performed by 
comparing the number of revolutions of the disk of the 
watthour meter under study with that of the standard 
meter. The standard meter must, of course, initially 
have had its rate accurately determined by the older 
wattmeter method. 

A watthour meter is essentially an integrating watt- 
meter in that the time rate of angular rotation of its 
disk is proportional to the power supplied to the load. 
Thus, the number of turns of the disk during a cer- 
tain time interval is proportional to the electrical en- 
ergy delivered through the watthour meter to the 
load. 

As the custodian of the national standards of elec- 
trical measurement, NBS is called upon to standard- 
ize high-grade alternating-current watthour meters for 
various utility companies and manufacturers who use 
them as standards for the testing of other watthour 
meters. Such a test consists of determining values for 
percentage registration of the meter at various combi- 
nations of current, voltage, and power factor. In 
high-precision NBS tests this has, in the past, ordinar- 
ily been done by observing the number of disk revolu- 
tions occurring in a fixed time interval during which 
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the power has been held constant. The power is indi- 
cated by the deflection of an electrodynamic wait- 
meter previously calibrated on reversed direct cur- 
rent. This fundamental procedure is capable of high 
accuracy but is necessarily tedious and difficult. 

It has been known for many years that certain indi- 
vidual watthour meters may exhibit remarkable sta- 
bility over long periods of time. Thus, in an effort to 
develop a more rapid testing procedure, it was de- 
cided to select carefully several watthour meters and 
to use them as a standard group for testing other 
watthour meters by a comparison of their rates. 

The meter selected as a standard is a modified port- 
able commercial watthour meter (rotating standard). 
This unit has been provided with a shaft extension, 
and its register has been removed. The meter is 
mounted in a temperature-controlled box. A light- 
beam pointer has been provided by mounting a mirror 
inclined at 45° on the upper end of the shaft. A beam 
of light incident vertically on the mirror is deflected 
horizontally to an encircling scale provided with a 
phosphorescent band. A phototube is placed behind 
a vertical slit in the phosphorescent band so that the 
light beam strikes the phototube once each revolution. 
The amplified pulse from the phototube energizes an 
electromagnetically operated mechanical counter for 
counting the number of complete revolutions of the 
disk of the standard watthour meter during a run. 

A mercury-vapor lamp placed above a small cir- 
cular aperture serves as the light-pointer source. A 
lens focuses the image of the aperture on the phospho- 
rescent band. Any current pulse through the lamp will 
cause a momentary intensification of the light which 
results in a luminous spot being left on the phos- 
phorescent band. This spot will persist for several 
seconds; long enough for an operator to note its posi- 
tion on the engraved plastic scale. 
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In one method of operation, the duration of a test 
run is determined by a photoelectrically operated con- 
troller that counts a preset number of complete disk 
revolutions of the watthour meter under test. This 
method can be employed if the meter under test is of 
a type readily adapted to photoelectric pickoffs. Pre- 
cisely at the beginning and end of each run the ampli- 
fied output from the phototube associated with the watt- 
hour meter under test, triggers an electronic circuit that 
pulses the mercury-vapor lamp and produces a per- 
sistent spot of light on the phosphorescent band. The 
positions of these two spots can be read to the nearest 
thousandth of a revolution on the adjacent scale. Any 
fractional part of a revolution of the standard watt- 
hour meter can be computed from these two readings. 
Thus, the number of revolutions of the disk of the 
standard equals the reading of the mechanical counter 
plus the scale reading at the end of the run minus the 
scale reading at the beginning of the run. The use of 
a light beam pointer of this type completely eliminates 
the friction associated with mechanical registers. An 
outstanding feature of the apparatus, when used in this 
manner, is that the circuit for the starting and stopping 
of the test run does not depend upon the opening or 
closing of relay contacts; hence, the run is completely 
free of relay errors. . 

In another method of operation, the photoelectrically 
operated controller may be triggered by the phototube 
associated with the standard watthour meter, in which 
case the run consists of a predetermined number of 
complete revolutions of the standard. The potential 
circuit of the watthour meter under test is closed at 
the beginning of the run and opened at the end of the 
run by relays operated by the controller. When this 
method is used, the duration of the run is made sufh- 
ciently long to render negligible any start-stop errors 
in the watthour meter under test. The relays which 


Foreground (left to right) the “standard watthour 
meter” in its circular housing; the pulse counter and 
electronic timing and counting circuits which determine 
accurately the duration of a test run; and the a-c power 
supply which energizes the coils of the standard or the 


watthour meter under test. In the background at left 
is the temperature-controlled cabinet containing the 
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close and open the potential circuit are carefully ad- 
justed to eliminate errors due to unequal lag times in 
their operation. 

In addition to the standard watthour meter, three 
comparison standard watthour meters are kept in a 
temperature-controlled cabinet and used to check the 
reference standard as often as desired. These meters, 
too, have been chosen for their good stability and have 
their registers removed to reduce friction. A check of 
this sort can be made in a few minutes. 

The standardization of watthour meters by this 
method eliminates the necessity of measuring power 
accurately and holding power constant for an accurately 
measured time interval, because in the rate-compari- 
son method moderate fluctuations in power affect both 
the watthour meter under test and the standard in the 
same way. Precise results are assured by calibrating 
and operating all meters at rated load, by reducing fric- 
tion in the standard meters through removal of their 
gear trains, by maintaining all standards at a constant 
temperature, and by energizing the standard watthour 
meter continuously during tests, thereby eliminating 
starting and stopping errors in this meter. 


This comparison method of testing the rate of watt- 
hour meters has superseded the primary method based 
on the electrodynamic wattmeter because of the rapid- 
ity of operation and convenience without significant 
loss in accuracy. The latter method, of course, must 
still be used occasionally to verify the accuracy of the 
standard watthour meter. Infrequent primary cali- 
brations at regular intervals, and more frequent inter- 
comparison of standards, permit the standard watt- 
hour meter to be used with assurance. Supplementary 
instrument transformers, especially calibrated for use 
with the standard watthour meter, serve conveniently 
to cover the wide range of energy measurement over 
which tests are requested. 


Close-up of 
the standard watthour meter assembly shows the stand. 
ard watthour meter with its rotating mirror in the center 


‘comparison standard” watthour meters. 


of the large cylinder. Above the mirror is the mercury- 
vapor lamp and lens housing. The phosphorescent scale 
(white) and the engraved plastic reading scale (below) 
are mounted near the edge of the large cylinder. 
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{pee DYSEAC development program was undertaken 
in 1952 by the staff of the Bureau’s Electronic 
Computers Laboratory under the sponsorship of the 
Department of Defense. The objective of the pro- 
gram at that time was to produce a general-purpose 
high-speed digital computer that could serve as both a 
versatile tool for solving a variety of system-simulation 
problems and as a proving ground for evaluating cer- 
tain novel logical design features and component 
packaging techniques. Subsequently, the sponsorship 
was assumed by the Signal Corps, to whom DYSEAC 
was delivered May 3, 1954, for a special application. 


DYSEAC operates at a basic repetition rate of one 
megacycle, uses a serial mode of data representation, 
and employs a serial acoustic memory. However, its 
operating capabilities have been extended considerably 
beyond those of SEAC®? by the incorporation of sev- 
eral special logical design features. These features 
enable the computer to communicate in an extremely 
flexible manner with a large group of external devices 
performing many diverse functions. Among the de- 
vices which may be attached to the computer are those 
that store, tabulate, file, convert, display, and sense 
information; or devices that actuate mechanisms such 
as servo equipment in response to signals sent out by 
the computer as a result of information being processed 
within it. Other full-scale computers employing the 
same digital language may be attached to this machine. 

DYSEAC is so designed that communication between 
any of these external devices and the central computer 
(or between the central computer and the persons oper- 
ating it) can take place at any time, on a completely 
unscheduled basis. Such impromptu interchanges of 
information can be instigated either by the central 
computer or by the external world communicating with 
it, or by both acting jointly. This facility enables the 
computer to respond to, as well as to control, the family 
of external devices that can be annexed to it. In re- 
sponse to the activities of these external devices, the 
computer can interrupt or alter its internal program 
at any time in order to redirect or assist them as the 
work progresses. Consequently, the computer can be 
used to coordinate the several activities of the external 
devices into an effective ensemble operation. 


An unusual external device which has actually been 
attached to DYSEAC is the SEAC. One complete ex- 
perimental run was made which demonstrates the abil- 
ity of DYSEAC to respond to monitor signals originat- 
ing in SEAC and to interrupt its program in order to 
receive and process data from SEAC. The two ma- 
chines were thus made to work cooperatively on a 
common task that involved preliminary processing of 
data by SEAC, transmission of these data and program 
information from SEAC to DYSEAC, and further proc- 
essing by DYSEAC. DYSEAC worked on an entirely 
different task during the intervals in which it waited 
for SEAC to transmit additional data. This other 


*SEAC, the National Bureau of Standards Eastern 
Automatic Computer, VBS Technical News Bulletin 34, 
121 (September 1950). 
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DYSEAC was designed to serve as the 
ex perimental nucleus for a complex data- 
processing network. The flexibility with 
which it controls and responds to a vari- 
ety of external devices, including one or 
more full-scale computers of similar de- 
sign, should enable scientists to explore 


diverse new areas of interest. Examples 
include the automatization of industrial 
and commercial operations, such as the 
‘automatic factory” and the “automatic 
office,” or any field where rapid infor- 
mation-processing and real-time control 
systems are necessary. 
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DYSEAC’s dynamic circuitry techniques 
involve the performance of all logical 
operations by diode gating, the use of 
electrical delay lines for all incidental 
pulse storage, and the use of trans- 
former-coupled pulse amplifiers utiliz- 
ing only one tube type for all amplifica- 


tion. This circuitry has been reduced 
to standardized packages. Only two 
types of etched-circuit plug-in packages 
are required as basic building blocks. 
Thus, modular construction was used 
throughout the computer to simplify 
design practice, construction, and main- 
tenance. 
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task involved typical operations which simulated an 
independent productive program running concurrently 
with the shared program. 


The arithmetic powers of DYSEAC have not been 
greatly expanded over those in SEAC. Instead, major 
design emphasis was placed on providing versatility of 
control facilities and latitude for expansion. It was 
deemed important to provide for future expansion of 
the high-speed internal storage capacity in case this 
becomes important for a particular application. Ac- 
cordingly, the system has been provided with convenient 
means for supplementing the initial memory capacity 
of 512 words with additional storage units up to a 
total capacity of 4,096 words. 


The engineering features of DYSEAC are directly 
related to its intended use as a data-processing center 
that can be located at various operating sites without 
particular difficulty. The equipment is distributed be- 
tween two 40-foot trailer vans. The major portion of 
the equipment—three computer racks, the memory cabi- 
net, and the control console with input-output facili- 
ties—is installed in the computer van. The second van 
houses regulated d-c power supplies and provides a 
general-purpose area for special equipment, storage, 
and work space. Each van also has its own air-con- 
ditioning equipment. Thus, DYSEAC is a self-con- 
tained system, and through the additional provision of 
a mobile power plant consisting of two 50-kilovolt- 
ampere diesel motor generators, it can be operated in 
completely isolated areas. The three racks and the 
memory cabinet are shock-mounted to reduce the pos- 
sibility of damage from road shock and vibration dur- 
ing transportation from one operating site to another. 


Over-all Functional Organization 


The computer is organized around the high-speed 
memory. This unit receives and distributes to the other 
internal units the information (numbers and instruc- 
tions) to which the most rapid access is needed for 
carrying out the work program of the machine. The 
memory communicates principally with five major units 
of the system. Of these, two are primarily concerned 
with internal processing activities and three with ex- 
ternal relations. A continuous flow of digital informa- 
tion may be maintained simultaneously between the 
memory and the inward-looking and outward-looking 
types of units. The latter types, which serve to com- 
municate with the external devices, include the input- 
output buffer, the external selector, the concurrent in- 
put-output control, the display staticizer, and the 
sertalizer. 


The input-output buffer transmits information at the 
proper repetition rates from the external unit to the 
internal memory during an input operation and in the 
reverse direction during an output operation. The 
buffer receives words from the memory at the normal 


The illustration shows a possible application of the 
DYSEAC. The new NBS computer might be used to 
process air traffic control information and simultane- 
ously perform bookkeeping on passenger reservations. 
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Cutaway view of the 
DYSEAC_ computer 


trailer. 


one-megacycle internal repetition rate and then trans- 
mits them out, digit by digit, at the proper measured 
rate appropriate to the external unit. The external 
unit itself (via the external selector) specifies the word 
format and the repetition rate appropriate to it. 


The external selector, a high-speed switching device, 
selects the external unit with which an input-output op- 
eration is to be performed. It provides the signal re- 
quired to complete the circuit connections for the lines 
carrying both the digital information and the control 
signals needed to operate the external unit. The ex- 
ternal selector is capable of selecting among 48 external 
mechanical relay switches, but it can be expanded to 
handle 256 distinct information channels, such as indi- 
vidual parallel magnetic-drum channels or high-ca- 
pacity magnetic filing systems. 

The concurrent input-output control regulates the 
detailed progress of all input-output operations re- 
quested in the course of the internal program. It 
directs the flow of traffic between the memory and the 
input-output buffer, and between the buffer and the 
external selector. 

The display staticizer and the serializer are special- 
ized input and output organs adapted especially for 
real-time operations. The display staticizer is a reg- 
ister storing 28 binary digits in parallel for controlling, 
for example, a digital-to-analog converter that provides 
deflection voltages for a cathode-ray tube visual display. 
The serializer unit is provided for continuous external 
input devices. It can accept one full word of 45 binary 
digits delivered in parallel in the form of asynchronous 
pulses from an external unit, and can then transmit 
the word in synchronized normal serial form to any 
other units of the system capable of reading words 
out of the high-speed memory. 
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In the rear of the trailer 
is the airconditioning 
equipment. 


The arithmetic unit carries out arithmetic or logical 


choice operations. Arithmetical results are written 
directly into the high-speed memory, and control signals 
specifying the outcome of the discrimination opera- 
tions are sent directly to the program-sequencing and 
control unit, where they serve to modify the choice of 
memory location from which the next instruction is to 
be read. An additional route of communication to the 
input-output buffer provides for the loading or print- 
ing out of the contents of the arithmetic accumulator 
register directly via the electromechanical typewriter 
or magnetic input-output units. 


The remaining unit in direct communication with the 
high-speed memory is the instruction register. Instruc- 
tion words are transferred, one at a time, from the high- 
speed memory into the instruction register. From this 
unit, information contained in different segments of 
the instruction word is selected by the program control 
unit and transmitted to various other internal units 
throughout the system, and simultaneously to the con- 
current input-output control for checking against 
possible conflict with concurrent input-output opera- 
tions. 


The last major unit in the functional organization of 
DYSEAC is the manual-monitor control unit, which is 
responsible for regulating and synchronizing the carry- 
ing out of joint internal-external operations. It inter- 
prets conditions specified by the external switches on the 
switch panel, under which monitor operations are to be 
performed; it observes progress of the internal pro- 
gram and recognizes when these specified conditions 
arise; and it delivers signals temporarily halting the 
internal program, if necessary by setting up required 
special word-transfer routes and by initiating the speci- 
fied interpolated internal or external operation. 
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The proportion of physical space required by the 
equipment for:carrying out the joint internal-external 
control operations of DYSEAC (namely, the special 
program control, input-output control, and manual- 
monitor control) constitutes only about 6 percent of the 
equipment required for realizing the other functional 
units just described, exclusive of the memory. 


Logical Design Features 


There are three general properties which provide 
DYSEAC with its control versatility. The first of these 
is a “concurrent operation” property. External-trans- 
fer operations, which transfer information between the 
computer and the external devices, can be carried out 
concurrently with internal computing operations and 
these transfers can refer directly to any area of the 
internal memory, without restriction as to location or 
size. 

The second property provides for “self-regulation.” 
The pace at which the work program is carried out 
within the machine can be automatically adjusted by 
the computer to the possibly irregular pace at which 
the external transfer operations are taking place. 
Whenever it is necessary for the internal and external 
programs to proceed precisely in step with each other, 
the computer can keep the slower-moving external 
program abreast of the high-speed internal program 
by forcing the latter either to halt or to change its course 
temporarily. This self-regulation property enables 
optimum use to be made of the concurrent input-output 
ability of DYSEAC on jobs which require considerable 
transfer of information into and out of the machine, or 
which involve searching through voluminous magnetic 
files. 


The third general property provides for “interrupt- 
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ability.” The work program can be interrupted when- 
ever necessary, and a wide variety of special orders can 
be interpolated into the program either by the machine 
operator or by the external devices. This interruption 
property enables the computer to cope with unsched- 
uled job assignments which originate with little or no 
advance notice in events occurring outside the machine, 
particularly those job assignments which must be ex- 
ecuted as soon as possible for real-time applications 
such as air-traffic control. 

These three properties, by their combined presence, 
create a fourth property of considerable power. Acting 
in concert, they enable the computer to be employed 
effectively as a control element in a generalized feed- 
back loop. These overall properties are derived prin- 
cipally from three special operating features of 
DYSEAC: manual-monitor facilities, a program- 
control feature, and an input-output control feature. 

The term “manual-monitor” has been coined to de- 
scribe certain operations which can either be initiated 
manually by the machine operator, who for example 
presses a push-button on the control console, or else can 
be initiated by the computer itself under conditions 
which are specified by means of external switch set- 
tings on the control console. The former is referred 
to as a manual operation, and the latter is called a 
monitor operation because the computer must monitor 
its internal program to determine precisely when the 
operation should be performed. 

Manual-monitor operations can readily be specified 
and initiated by external devices as well as by human 
operators. Furthermore, since all of the external 
switch settings control only d-c voltages, the external 
devices can even be remote from the computer itself, 
and they can from a distance (connected to it via ordi- 
nary electrical transmission lines) exercise supervisory 
control over the internal program of the machine. 

Five types of manual-monitor operations can be per- 
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formed: loading-the-memory operations, print-out 
operations, insert-new-instruction-into-the-program op- 
erations, | change-sequence-of-instructions-in-the-pro- 
gram operations, and halt-the-program orders. By 
pairing a particular type of manual-monitor operation 
with a chosen set of conditions (specified by the ex- 
ternal switch settings) a wide variety of special opera- 
tions can easily be performed as the work progresses. 

For every manual-monitor operation, the external 
switches on the control console are set to specify not 
only the type of operation to be performed and the 
conditions under which it is to be performed, but also 
the storage places which are to be involved. These 
storage places can be chosen from certain available 
locations in the internal high-speed memory and from 
five different storage registers in the computer. Thus, 
by means of the external switches, certain storage areas 
within the computer itself may be utilized by devices 
remote from it. These remotely located devices can 
direct that information in certain areas of the memory 
in the computer be transmitted to them. Similarly, 


they can insert new information into various portions 


of the memory. In this way, at the option of either 
the external devices or the machine program, or of 
both acting jointly, DYSEAC can share with these 
remote devices its high-speed memory and conse- 
quently every other part of its internal computing and 
external storage facilities. 


It is this feature that makes it possible to harness 
other full-scale computers to DYSEAC and to make 
them all work in mutual cooperation on a common 
task. Each member of such an interconnected group 
of separate computers is free at any time to initiate 
and dispatch special control orders to any of its part- 
ners in the system. As a consequence, the supervisory 
control over the common task may initially be loosely 
distributed throughout the system and then temporarily 
concentrated in one computer, or even passed rapidly 
from one machine to the other as the need arises. 

The other two special features in DYSEAC (namely, 
a special program control facility and a special input- 
output control facility) also serve to couple the ma- 
chine to its external environment in varied ways. Each 
of these special features provide for a different distri- 
bution of authority in controlling the course of the 
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work program. The program-control feature, for ex- 
ample, provides for the initiation of an operation by 
an external device but assigns authority for execution 
of the operation to the computer. Conversely, the 
input-output control feature provides for the initiation 
of an operation within the computer (in the internal 
program) but assigns authority for the execution of 
the operation to an external device. 

In the case of the manual-monitor operations just 
described, both types of control relationships are pro- 
vided. For simple manual operations the external 
device or the operator exercises full control over both 
the initiation and execution of the operation, e. g., by 
pushbutton. For monitor operations, however, the 
request is initiated externally (by external switch set- 
tings), but the actual execution of the operation does 
not occur until the chosen conditions arise in the course 
of the internal program. 

It is evident that the control interrelationships pro- 
vided by the special features of DYSEAC are distinctly 
different in each case and that equivalent control ver- 
satility cannot be achieved by the more conventional 
control method. These special features were incor- 
porated into DYSEAC only because the joint-control 
properties needed for its intended applications could 
not be secured satisfactorily by the use of programing 
procedures alone. 


Control console of DYSEAC. Operator may insert addi- 
tional instructions and information or even an entire 
program into the machine by means of the teletype- 
writer. Space is available in this area for some addi- 
tional input-output, storage or display equipment. 


Physical Layout and Engineering Details 


During the planning of DYSEAC, it became evident 
that there would be considerable advantage in having 
a transportable machine that could be moved to the 
operating site for certain experiments. It was there- 
fore decided to install the machine in two trailer vans, 
one for the computer proper and another for the power 
supplies and service area. The two 40-foot vans are 
of standard drop-frame construction and have useful 
inside dimensions of 31 feet in length, 714 feet in width, 
and 9 feet in height behind the drop. The front sec- 
tion, ahead of the drop, is 8 feet long and 7 feet high. 

The computer van contains not only the computer 
but the acoustic memory, the control console, input- 
output equipment, and an air-conditioning system. 
The computer itself requires only 160 cu ft of the 
nearly 2,500 cu ft available in the trailer. The cabinets 
housing the computer and the memory are accessible 
from all four sides for the convenience of repair and 
maintenance personnel. The second van contains the 
power supplies, maintenance facilities, storage space 
for spare parts, a work area for personnel, an air-con- 
ditioning unit, and an area for any specialized auxiliary 
equipment needed during a set of particular experi- 
ments in field trials. 

The entire installation is designed to be energized 
from a standard three-phase 208-volt distribution sys- 
tem. A minimum of 55 kilovolt-ampere is necessary 
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to power the computer and associated equipment. 
With a third unit containing two 50-kva alternators, 
DYSEAC can operate in the field and still have ample 
power for the annexation of additional input-output 
devices. 

Both the roadability requirement and the packaged 
circuit design of the DYSEAC computer influenced the 
choice of air-conditioning equipment and the blower 
system. Each of the circuit packages in the computer 
may require about 3 cubic feet of cooling air per min- 
ute to prevent the temperature of the air through the 
package from rising more than 25° F above the ambient 
temperature of 60° F’. Sufficient refrigeration is avail- 
able in the 12 refrigeration tons capacity to cool both 
the electronic equipment and the trailer interior with 
an outside ambient temperature of 105° F. The main 
air distribution blower is capable of furnishing about 
4,000 cubic feet of air per minute at a pressure drop 
of over 4 inches of water. Air from this blower is 
carried through ducts in the false floor. The computer 
racks and memory cabinets have ducts that carry this 


In DYSEAC, much of the computer circuitry has been 
reduced to standardized packages. Because of general 
similarity of the circuits of most stages, only two types 


air to the individual package through small holes. Be- 
cause of the high pressure drop across these small holes, 
it is possible to pull packages from a chassis without 
appreciably affecting the flow of cooling air to the 
remaining packages. 

Modular assembly and construction techniques have 
been used throughout the computer. Packages are 
assembled into standard, removable chassis holding 
up to 80 packages, which in turn are readily removed 
from the three racks each of which contains four chassis. 
Only two types of package need be used because a 
distinctive feature of NBS computer design is the gen- 
eral similarity of the circuits of most stages. Although 
many hundreds of stages are required, a single basic 
tube circuit is adaptable, with minor modifications, io 
the majority of requirements. This circuit serves as a 
low-impedance pulse driver, a flip-flop, and for a num- 
ber of gating functions. The circuit uniformity invites 
the use of mass-produced circuit packages.” 


* Circuitry packages for electronic computers, NBS Technical 
News Bulletin 37, 36 (March 1953). 
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The NBS tube package consists of an amplifier tube, 
a pulse transformer, and a number of diodes. A second 
type of package houses delay lines used for intercon- 
nection between the stages. Both types are designed for 
ruggedness, mass production, and ease of testing by 
personnel who can be quickly trained for routine main- 
tenance. Etched wiring and dip-soldering help make 
construction simple and foolproof. 

The 524 tube packages and 251 delay-line packages, 
containing 21,000 diodes and 3,800 quarter-microsec- 
ond delay-line segments, provide for about 90 percent 
of the total circuit requirements of the computer ex- 
clusive of the 400 stages in the acoustic memory and 
the input-output equipment. 


Potential Applications 


Because of its varied control capabilities, DYSEAC 
can be utilized for investigating many diverse areas of 
potential application, ranging from the simulation and 
control of links in a data-communication network to 
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of etched circuit packages are required. This modular 


construction has been used extensively throughout the 
machine to simplify design practice, construction, and 
maintenance. Nearly 800 of these packages are used. 


the high-speed processing of business data. In an ap- 
plication of the latter sort, the main task of the com- 
puter might be the automatic routine processing of 
monthly accounts.. The data to be processed would 
have to be withdrawn automatically by the computer 
from external magnetically-recorded files, would then 
have to be properly combined with newer data, and 
finally the up-to-date information would have to be 
returned to the files. Even while these operations are 
progressing automatically, however, the contents of 
the files would need to be available to the clerical staff 
of the office for inserting occasional corrections or re- 
visions of data, or for answering scattered spot requests 
for information. In some cases, the computing services 
of the computer might be needed for carrying out 
special minor processing tasks on the data being with- 
drawn from the files. At the same time, batteries of 
printers might be systematically going through the files 
and routinely printing out those portions for which the 
monthly processing was already complete. 
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DYSEAC specifications 


General operating character- 


istics: 

Basie repetition rate - - ._- 1 megacycle per second. 

Data representation____-- Binary system; serial mode of repre- 
sentation. 

Word length____- saott At 44 binary numerical digits plus one 
sign digit. 

Instruction system__-_._-- 3-address system in which a typical 
instruction word specifies the 12- 
digit address of first operand (a), 
second operand (8), and result of 
operation (y). Successive instruc- 
tions are generally located in con- 
secutively numbered memory loca- 
tions. 

Memonyoee <2 eee ee Mercury acoustic delay lines contain- 


ing 8 words each, with a maximum 
access time of 384 microseconds. 
Minimum capacity: 512 words, 
stored in a 64-line cabinet. Max- 
imum capacity: 4,(95 words, stored 
in 8 such cabinets. Automatic 
parity-digit check of storage ac- 


curacy. 
Performance rates of basic 
operations (including aver- 
age access time to Memory): 
AGCILIOn a= ae eee 0.9 millisecond. 
SubtrechiOmes === =a 0.9 millisecond. 
Accumulate - and - over - | 0.7 millisecond. 
flow-check. 
Accumulate-and-store__--|} 0.9 millisecond, 
SUMMA On === === ee 0.8 millisecond (plus 0.05 millisecond 
per word). 
Multiplication, major | 3.0 milliseconds. 
(rounded). 
Multiplication, minor__--| 3.0 milliseconds. 
DIiViSliOne kes =e eee a 3.0 milliseconds. 
Shift les ee eee 2 1.1 milliseconds (for half-word-length 
shifts). 
JUStify=seees see 2.0 milliseconds (for half-word-length 
shifts). 
Logical transfer __-------- 0.9 millisecond. 
Comparison, algebraic__.| 0.7 millisecond. 
Comparison, absolute__--| 0.7 millisecond. 
File, unconditional______- 0.4 millisecond. 
Breakpoint-file_______---- 0.4 millisecond. 
Input-outpiteeee=ss= === 0.3 millisecond (internal program 
time only). 


Special operating features: 
Internal program-control | Dual counter-registers for program 
features. sequencing. Base-address and rel- 
ative-address option. 
Joint internal-external | Manual-monitor facilities. 
control features. Breakpoint-file option. 
Input-output program-jump option. 


One stage of DYSEAC’s acoustic delay-line memory. 
This replaceable unit can recirculate one complete werd 
of information through the mercury delay line housed 
in the chassis behind the circuitry unit. DYSEAC’s in— 
ternal high-speed memory consists of 512 delay lines. 
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Wiring detail on rear of rack, which contains four 
chassis or 2s many as 320 packages. All terminals are 
readily accessible for testing and signal tracing. 


3 


Obviously it would be highly desirable to be able to 
carry out any of these several operations at will, with as 
little disruption as possible either to the separate opera- 
tions or to the main task. Because of the impossibility 
of foreseeing some operations (such as spot requests 
for information) or the variable operating rates of some 
of the external devices, it is not possible to schedule in 
advance the exact time for the actual initiation of these 
operations or the sequence of their execution. There- 
fore, in order to operate efficiently, the computer must 
be able, on a completely unscheduled and intermittent 
basis, to share both its program control and its internal 
storage facilities with its external devices and its human 
operators. DYSEAC is capable of doing this. 

Another potential application which requires such 
capabilities is the control of air traffic at an airpor 
terminal. For this application, the human operator 
can be coupled to the computer (1) through the medium 
of a visual display device which exhibits graphically 
the numerical data stored inside the internal memory 
and (2) by means of a battery of manual control 
switches capable of inserting new numerical data or 
certain new control commands into the computer. The 
numerical data displayed by the machine represent in 
real time a map of the predicted traffic patterns in the 
neighborhood of an airport, e. g., the predicted loca- 
tions, based on latest scheduling information, of all 
aircraft inside a certain area. The human operator can, 
by means of the manual input-controls, enter newer 
data into the computer as the information becomes avail- 
able, interrogate the computer for more detailed infor- 
mation concerning certain individual flights as the 
need arises, and instruct the computer to exhibit the 
effect to be expected from issuing revised flight-control 
orders. In the latter case, parts of the internal infor- 
mation in the machine must be presented to the opera- 
tor in a rather complex pictorial form in order to be 
meaningful to him. Applications of this sort, like the 
previous one, require a constant interchange of intelli- 
gence between the computer and its operator, and be- 
tween the computer and other devices. 

A third potential application involves the utilization 
of automatic computers for the control of automatic 
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machinery: a first step toward the so-called automatic 


factory. Here, the main tasks of the computer involve 


Physical specifications 


Computer 


Nim bem of tbes eae we ee eb. 
Number of electrical delay line packages___| 251. 
Total number of packages_________..__.___- Tels 
Number of germanium diodes___ 21,000. 


Number of }4-microsecond electrical delay | 3,800. 
lines. 
SPACOOCCH DCU eet n a Sheree ns eee 160 cu ft. 


Acoustic Memory 


INTE ERIOn CAbInGtSiss=4-ee-225- oe. ea seat ils 
i Number of tanks in cabinet____---_-______- 64. 
INU beromhibess =. 0 nes... 2 A 360. 
Number of germanium diodes_____--_-_-__- 3,100. 
Cooling 
Reinig era iO ate 2 2 anno om = ews a Seon Four 3-ton units. 
Air flow____- Be Se ee ee ee 4,200 cu ft per min. 
Space occupied_-.-_------- See eee a 450 cu ft. 


Computer trailer van 


Inside dimensions: | 
Were hee ss Ose se kr ek see 39 ft. 
VAG nL ES ee ae eee ee 716 ft. 
ENGI O11 eee eee ieee See TE Perey 9 ft. 
Motalavatiablespace...2 5-22. . 22222-22525. 2,400 cu ft. 


first, storing the prearranged procedure or series of 
steps that are to be taken by the automatic factory 
machinery which is carrying out the manufacturing 
process; second, sensing the progress of the machines 
or the results of their activity on the product being 
produced; third, after a complex analysis or compari- 
son of the desired end result with the observed result, 
determining the appropriate next step to be taken; and 
finally, issuing appropriate signals which will tend to 
euide the external tools or regulators in a preferred 
direction. In the latter case the computer not only 
is performing many of the functions already described 
but also is acting as an element in a feed-back control 
loop. Since DYSEAC has all of these control capabili- 
ties, it can be a highly effective tool for exploring these 
diverse areas of potential application. 


For further technical details of DYSEAC, see: System 
organization of the DYSEAC by A. L. Leiner and S. N. 
Alexander, Trans. IRE Prof. Group on Electronic Com- 
puters, vol. EC-3, No. 1 (March 1954); System specifi- 
cations for the DYSEAC by A. L. Leiner, J. Assoc. for 
Computing Machinery, vol. 1, No. 2 (April 1954); Sys- 
tem design of the SEAC and DYSEAC by A. L. Leiner, 
W. A. Notz, J. L. Smith, and A, Weinberger, Trans. IRE 
Prof. Group on Electronic Computers, vol. EC—3, No. 2 
(June 1954) ; Dynamic circuit techniques used in SEAC 
and DYSEAC by R. D. Elbourn and R. P. Witt, Proc. 
IRE, vol. 41, No. 10 (October 1953). These papers and 
others prepared by the NBS Electronic Computers Lab- 
oratory will appear in the forthcoming NBS Circular 
551, on electronic computers. 


Calibration of Vibration Pickups 


and Accelerometers 


- RECENT YEARS the widespread use of vibration 
pickups has introduced a serious calibration prob- 
lem. The increase in the number of pickups has em- 
phasized the need for rapid, reliable means of calibra- 
tion over wide ranges of acceleration amplitude and 
frequency. Several methods which are proving useful 
in the accurate calibration of vibration pickups and ac- 
celerometers have recently been developed at the Na- 
tional Bureau of Standards in connection with a pro- 
gram of basic instrumentation research sponsored hy 
the Office of Naval Research, the Air Research and 
Development Command, and the Atomic Energy Com- 
mission. In one method, a “chatter” accelerometer de- 
termines very accurately the peak value of a sinusoidal 
acceleration, when this value slightly exceeds that of 
gravity. The device is useful in setting the acceleration 
level of vibration generators which are used in the cali- 
bration of vibration pickups. In another method, a 
steel bar is mounted on a conventional vibration gen- 
erator. A vibration pickup is attached to one end of 
the bar, and the system is driven at its resonant fre- 
quency. Use of the resonance effect achieves values 
of acceleration up to 1,090 g—much higher than would 
be attainable if the pickup, without the steel bar, were 
mounted directly on the same type of shaker. 
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The NBS—33-24 chatter 
accelerometer determines 
very accurately the peak 
value of a sinusoidal ac- 
celeration when this value 
is slightly in excess of 1 g. 


Chatter Accelerometer 


The “chatter” principle was first described by Sir 
William Bragg in 1919. The accelerometer based on 
this principle is a device in which a loose mass on a 
vertically vibrating surface bounces or “chatters” when 
the peak acceleration of the sinusoidal motion exceeds 
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+] g. Using an improved accelerometer developed by 
C. W. Kissinger of NBS, the acceleration of the shaker 
table to which the device is attached, as well as the 
chatter of the loose mass, are converted into an electri- 
cal signal which is displayed on the screen of an oscillo- 
scope. The mathematical relationship was also derived 
between (1) the amount by which the peak value of the 
sinusoidal acceleration exceeds 1 g and (2) the point 
in the cycle at which the first bounce occurs. If this 
mathematical relationship is applied to the accelerom- 
eter output as observed on the oscilloscope screen, 
acceleration levels from about 1.01 to 1.04 g may be 
set with an accuracy of approximately 0.5 percent at 
frequencies up to 60 cps, and with somewhat decreased 
accuracy up to about 150 cps. The accuracy of cali- 
bration was estimated by comparison with an optical 
calibration in which the peak-to-peak displacement of 
the chatter accelerometer was measured with a mi- 
crometer microscope. Stroboscopic illumination makes 
the accelerometer appear to be nearly motionless for 
ease of measuring displacement. 

In the Bureau’s chatter accelerometer, the loose mass 
can be clamped by a screw and prevented from chatter- 
ing. The accelerometer can then be used as a secondary 


This apparatus utilizes the method developed for steady- 
state calibration of vibration pickups and acclerometers 
at high values of acceleration. A steel bar with a vibra- 
tion pickup clamped to one end is driven at its reso- 
nant frequency to produce accelerations up to 1,090 g. 


standard for accelerations in excess of | g at frequencies 
up to 1200 cps. 


Steady-State Calibration 


The method for steady-state calibration at high values 
of sinusoidal acceleration was developed by T. A. Perls 
and C. W. Kissinger of the NBS staff. In this method, 
a steel bar is clamped to the head of an electrodynamic 
shaker at its center point, so that both ends of the bar 
are free. The accelerometer being tested is clamped 
back-to-back with an NBS-33-14 secondary-standard 
accelerometer at one end of the bar, and a balancing 
weight is fastened to the other end, if needed. The 
whole system is driven at its resonant frequency by a 
70-watt amplifier. Steady-state accelerations have been 
measured with this system up to 1,090 g, zero to peak, 
at 874 cps. When the resonant bar was additionally 
loaded with a 40-gram test accelerometer, accelerations 
up to 665 g were attained. In comparison, if the steel 
bar had not been used and the accelerometer had been 
mounted directly on the shaker head, the maximum 
attainable acceleration would have been only 50 g. 

A series of tests was conducted at the Bureau in which 
the steel bars used as part of the resonant system were 
first tested in the annealed state, and then heat-treated 
and again tested. Results indicate that the heat treat- 
ment increases the maximum steady-state acceleration 
two-fold. In most cases the vibrational amplitude did 
not remain proportional to the shaker excitation cur- 
rent over the full available power range. Thus, the 
elastic properties of the bars used in the tests limit the 
maximum steady-state vibratory amplitudes attainable 
by this method. 

In this method, the armature of the electrodynamic 
shaker is part of the resonating system, and its ampli- 
tude of motion at resonance is proportional to the am- 
plitude at the end of the bar. This mode of operation 
makes it possible to determine that the output of an 
NBS-—33-14 accelerometer from 25 to 1,090 g at 874 
cps is proportional, within 2 percent, to the output of a 
velocity pickup built into the armature of the shaker. 


Seal-off Valve for Vacuum Systems 


ASE F VALVE possessing several advantages 
for high-vacuum work has been devised by R. J. 
Richards of NBS. The valve is designed so that its 
handle and stem can be readily removed and used with 
any number of seal-off seats, leaving only the closed 
valve seat on the evacuated apparatus. In this way the 
vacuum system is protected from the atmosphere at all 
times yet the bulkiness of a complete permanent valve is 
avoided. The device is also well adapted to use as a 
pressure seal or as a combination safety valve and 
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seal-off valve. It is now being used for high-vacuum 
applications in work sponsored by the Atomic Energy 
Commission at the NBS—AEC Cryogenic Engineering 
Laboratory. 

Vacuum systems are commonly sealed off either by 
installing a complete valve or by pinching off annealed 
metal tubing, with or without the use of solder. Both 
types of tubing seals require the soldering or weld- 
ing of a new piece of tubing into the system each time 
it is evacuated. This not only results in exposure of 
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Diagram of the high-vacuum seal-off valve. 


the valve ports in. the movable seat. 
valve is seated. 
except the movable seat assembly are removed as a unit. 


the vacuum system to the atmosphere but often pre- 
sents difficult problems of manipulation. A complete 
valve is objectionable because it is frequently an awk- 
ward protuberance on a small piece of apparatus. 

The NBS valve provides a permanent pumping tap 
that can be used many times without soldering or weld- 
ing. Principal parts are a valve handle and stem, the 
valve body and seat, and a removable bonnet enclosing 
the seat assembly and adjacent end of the stem. The 
movable seat contains six ports through which the 
vacuum system is pumped out. Attached to this end 
of the stem is a narrow bar which contains two small 
pins equidistant from the axis of the stem. When the 
desired vacuum has been obtained, the pins are made 
to engage two of the ports in the seat, and the handle 
is turned until the valve is seated. The screws of the 
bonnet are then loosened, and all the parts except the 
movable seat assembly are removed as a unit. A rubber 
or plastic cap may be used to protect the remaining 
parts from dirt. When the static vacuum space requires 
pumping again, the removable parts are replaced, the 
bonnet screws are tightened, and the valve handle is 
turned to open the valve. 


When the desired 
vacuum is obtained, the forked part of the valve stem engages two of 
The handle is turned until the 
The bonnet screws are then loosened, and ali parts 
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Because of the very short ports in the valve, the valve 
body can be made very small without sacrificing pump- 
ing speed. The parts can be made of any suitable 
material, but a neoprene seat is recommended for use 
on high-vacuum systems. 
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volume 53, number 2, August 1954 (RP2517 to RP2524 
inel.). Annual subscription $5.50, 

Technical News Bulletin, volume 38, number 8, August 1954. 
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10 cents. Annual subscription $1.00. 
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RP2517. Delta ferrite-sustenite reactions and the formation of 
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molybdenum steels. H.C. Vacher and C. J. Bechtoldt. 

RP2518. Determination of hydrogen by slow combustion over 
platinum in excess oxygen. Shuford Schuhmann and Martin 
Shepherd. 

RP2519. Anhydrous sodium hydroxide: the heat content from 
0° to 700° C, the transition temperature, and the melting 
point. Thomas B. Douglas and James L. Dever. 

RP2520. Heat content of molybdenum disilicide from 0° to 
900° C. Thomas B. Douglas and William M. Logan. 

RP2521. Precise comparison method of testing alternating- 
current watthour meters. A. W. Spinks and T. L. Zapf. 
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RP2522. Mass spectra of the deuteroethylenes. Vernon H. 
Dibeler, Fred L. Mohler, and M. de Hemptinne. 

RP2523. Spectral distribution of energy from the sun. Ralph 
Stair, Russel G. Johnston, and Thomas C. Bagg. 
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masonry. 20 cents. 
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